The adult female and all wingless nymphal stages of the maple mealybug, Phenacoccus aceris (Signoret), are redescribed and illustrated. The second-instar nymphs of both males and females produce a felt-like cover, which is secreted by numerous dorsal tubular ducts. A key is also provided to separate wingless immature stages of Ph. aceris, based on morphological features. The life cycle and biology of the mealybug on three different plant hosts, i.e., Acer negundo L., A. pseudoplatanus L. (Aceraceae) and Fraxinus excelsior L. (Oleaceae) over two years is presented and compared. Ph. aceris displayed similar developmental rates on all three host plants. Ph. aceris has one generation per year in Ankara, Turkey, and overwinters as third-instar females and male prepupae and pupae in hidden places on the trunk and branches of its host plants. The longest nymphal stage on all host plant species was the third-instar female and the male prepupa and pupa stage. In both sexes there were differences in the periods of occurrence of each developmental stage amongst years that may relate to variation in field temperatures.
INTRODUCTION
The maple mealybug, Phenacoccus aceris (Signoret) (Hemiptera: Coccoidea: Pseudococcidae), has a Holarctic distribution (Ben-Dov et al. 2015) . This mealybug is regarded as being of European origin and was recorded for the first time in Turkey by Bodenheimer (1953) . DÜzgÜneŞ (1982) , ÖncÜer et al. (2001) and Kaydan et al. (2004 Kaydan et al. ( , 2005 recorded this species in Ankara and other parts of Turkey on various ornamental plants and regarded it as a pest species.
Phenacoccus aceris has been recorded from more than 100 host plants ( Ben-Dov et al. 2015) , and is occasionally an important pest on ornamental and fruit trees (generally on Malus, Acer and Fraxinus) (Newstead 1903 , Bart lett 1978 , Kosztarab & Kozár 1988 , Danzig 1990 , Kosztarab 1996 , particularly KAYDAN, M. B., NEŞET KILINÇER, A. & KONDO, T. in urban areas. It lives on trunks, branches and leaves of its hosts (DÜzgÜneŞ 1982 , Kosztarab & Kozár 1988 , Danzig 1990 , Kosztarab 1996 . Phenacoccus aceris is a bisexual species and has one generation per year (DÜzgÜneŞ 1982, Kosztarab & Kozár 1988 , Danzig 1990 , Kosztarab 1996 . Females of Ph. aceris have three instars while the males have four instars (two mobile instars plus a prepupa and a pupa).
Although the direct effects of feeding by this mealybug are usually considered unimportant, the production of honeydew provides a medium for sooty mould fungi to grow, turning the trees black, reducing the rate of leaf light-transmission and the rate of photosynthesis. Furthermore, the maple mealybug is also important because of its transmission capability of some important plant viruses (e.g., grapevine leaf roll-associated viruses-1 and -3 (GLRaV-1 and -3) (Sforza et al. 2003) .
Descriptions and illustrations of the adult female have been provided by Ferris (1950) , Ter-Grigorian (1973) , Tereznikova (1975) , Paik (1978) , Kosztarab and Kozár (1988) , Danzig (1990) and by Kosztarab (1996) . While the number of circuli is generally a stable feature for most mealybug species, the number of circuli may vary in maple mealybug from two to five in some populations (Danzig 1990 ). However, the populations from Armenia (Ter-Grigorian 1973), Central Europe (Kosztarab & Kozár 1988) and North America (Kosztarab 1996) commonly have two circuli, as was reported for Turkey by DÜzgÜneŞ (1982) . Descriptions and illustrations of the first-instar nymph, and second-and third-instar female nymphs were given by Ter-Grigorian (1973) . Although the description and illustration of the second-instar nymph by TerGrigorian (1973) shows no differentiation between males and females, she mentioned that there were oral collar tubular ducts distributed on all surfaces of the nymphs that she examined. Despite this previous study, here we provide detailed descriptions of the immature stages of female instars and of the second-instar male in order to facilitate quick identification of most stages of the maple mealybug. The correct identification of the growth stages of this mealybug is essential in timing control programs. The development of efficient control programs also requires information on the period of occurrence of each developmental stage in the population. Although the biology of Ph. aceris has been previously studied (DÜzgÜneŞ 1982 , Kosztarab & Kozár 1988 , Danzig 1990 , Kosztarab 1996 , there are no detailed data on the occurrence of each developmental stage of this species in the field.
The purpose of this study was therefore to supply an identification key to separate the wingless nymphal instars of Ph. aceris based on microscopic morphological characteristics, and to provide information on the field phenology of the developmental stages of Ph. aceris in Ankara, Turkey. Data gen-FEMALE STAGES OF PHENACOCCUS ACERIS (COCCOIDEA: PSEUDOCOCCIDAE) erated in this study will aid in the development of control programs against the maple mealybug.
MATERIAL AND METHODS
Field sampling -Infested trees of each of the three species namely; Acer negundo L., A. pseudoplatanus L. (Aceraceae) and Fraxinus excelsior L. (Oleaceae) from three different areas in urban Ankara, Turkey, were marked. The three hosts were around 25-30 years old, 4-5 m tall and not pruned regularly. Observations to determine the developmental stages and to investigate the duration of each stage were made from mid November 2001 to late November 2003. Samples were taken weekly between February and December, and every two weeks between December and February. Three different sampling methods were used during the year because of the biology of the maple mealybug: i) leaf samples were collected from the end of May to mid November, when the mealybug is feeding on the leaves, ii) branch and stem samples from mid November to mid February, when the mealybug overwinters in aggregations in bark cavities, or in other hidden places on old branches and stems, and iii) one year-old twig samples from mid February to the end of May, when mature third-instar nymphs and adult females are usually found feeding in these twigs. The samples were taken from the lower parts of the trees at a height of 2-3 m from the ground. Infested parts were sampled randomly from different sides of the trees, placed in plastic bags and taken to the laboratory for slide mounting, as described below, and for biological studies.
Slide mounting -Specimens were sorted under a dissecting microscope in the laboratory and mounted on glass slides using the method of Kosztarab and Kozár (1988) . Between 20 and 100 specimens were slide-mounted each week throughout the year from each of the three tree species.
Morphological examination -Only slide-mounted specimens of Ph. aceris collected from F. excelsior were used to describe the immature stages of this mealybug. A phase-contrast microscope (Nikon E200) with a micrometer eyepiece was used to take measurements and prepare illustrations. Body size (length and width), length of antennae, length of legs (and leg parts), cerarian setae, apical setae, and the width of anal ring of each developmental stage were measured. The morphological description of each immature stage was based on twenty specimens. Moulting specimens (from second-to third-instar) were used in order to accurately determine the morphological characters of male and female second-instar nymphs. Hitherto, no morphological differentiation between males and females of the second-instar nymphs of Ph. aceris were known, and were considered to be undistinguishable (Ter-Grigorian 1973) . The morphological terms and methods for measurements followed those of Gullan (2000) . Illustrations were prepared by M. B. Kaydan.
Phenology of mealybugs -The phenology of the mealybug was studied on all three host tree species. Slide-mounted specimens from each of the three hosts were studied under a compound microscope, and at least 50 specimens were checked weekly to determine the developmental stage using the diagnostic features described in the taxonomic section of this paper. The size of each immature stage of the maple mealybug was determined by measuring the body length and width, and the antennal length of 20 of the above 50 specimens. The occurrence of each developmental stage in the population was determined as being from the time each growth stage was first detected until the last individual of that stage was observed in each population. Adult female Unmounted features and biology. Elongate oval, greenish-brown to purplish-brown, covered with fine white powdery wax, with 18 pairs of wax extensions around body margin. Feeds on the leaves and branches of its tree host. When matured, it produces a complete ovisac which covers the entire body except the apex of the head; ovisac about 7 mm long.
RESULTS AND DISCUSSION
Instar diagnosis -Diagnosed by the following combination of features: (i) two or sometimes three circuli; (ii) oral-collar tubular ducts abundant, of two sizes, larger ones present on dorsum and smaller ones on venter; (iii) multilocular pores present; (iv) cerarii totalling 18 pairs, each cerarius with 2 cerarian setae (except C 17 and C 16 that each have 3 or 4 setae) plus 15-20 trilocular pores around each cerarian setae; and (v) with 9-segmented antennae.
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Description of slide-mounted adult female ( Fig. 1 ) -Body elongate oval, 4.25-4.92 mm long, 2.74-0.64 mm wide (Fig. 4) . Eye marginal, 50-60 μm wide. Antennae each 9 segmented, 560-610 μm long; apical segment 70-75 μm long, 30-32.5 μm wide. Clypeolabral shield 240-380 μm long, 240-270 μm wide. Labium 3 segmented, 200-250 μm long, 140-180 μm wide. Anterior spiracles 80.0-92.5 μm long, 40-55 μm wide across atrium; posterior spiracles 95-120 μm long, 60-70 μm wide across atrium. Generally with 2 circuli (rarely 3), present between abdominal segments II and III, III and IV (and between IV and V when 3 present), largest circulus between III and IV, generally oval in shape, 225-285 μm wide, anterior circulus smaller, oval, 85-120 μm wide. Legs well developed; hind trochanter + femur 400-440 μm long; hind tibia + tarsus 420-470 μm long; hind claw 30-40 μm long. Ratio of lengths of hind tibia + tarsus to hind trochanter + femur: 1.02-1.11:1; ratio of lengths of hind tibia to tarsus: 2.66-3.13:1; ratio of length of hind trochanter + femur to greatest width of femur: 4.00-5.12:1. Tarsal digitules setose, subequal in length, each 45-50 μm long. Claw digitules subequal in length, each 35-40 μm long, both capitate and thicker than tarsal digitules. Ostioles: both pairs present; each anterior ostiole with 28-36 trilocular pores and 6 or 8 setae (total for both lips); each posterior ostiole with 36-55 trilocular pores and 4 or 6 setae (total for both lips). Anal ring 90-110 μm wide, with 6 anal-ring setae, each setae 165-190 μm long.
Venter. Body setae slender, each 40-180 μm long, longest setae present medially on head; apical setae of anal lobe 230-275 μm long. Multilocular disc pores present, each 6-8 μm wide, in bands on abdominal segments as follows: 8-10 on posterior margin of segment III; 29-39 on posterior margin of IV; 54-66 on posterior margin of V; 65-86 on anterior and posterior margins of VI; 72-92 on anterior and posterior margins of VII; 60-78 throughout VIII + IX. Quinquelocular pores each 5-6 μm in diameter, frequent on head and thorax and scattered on abdominal segments II and III. Trilocular pores each 4-5 μm in diameter, each slightly smaller than those on dorsum. Oral collar tubular ducts each 10.0-12.5 μm long, 3-4 μm wide, slightly smaller than ducts on dorsum, distributed on last abdominal segments as follows: 100-130 on II-III, 53-65 on IV; 68-71 on V; 32-48 on VI; 14-44 on VII; 20-24 on VIII + IX none on IX.
Dorsum. Derm membranous, with 18 pairs of cerarii around body margin, each cerarius with 2 cerarian setae, each 17.5-20.0 μm long, + 9-11 trilocular pores between cerarian setae, except C 16 with 3 (rarely 4) cerarian setae and 4-9 trilocular pores, and C 17 with 3 or 4 (usually 3) cerarian setae and 5-10 trilocular pores. Anal lobe cerarii each with 2 conical setae, each 25-30 μm long, + 25-31 trilocular pores and 3 auxiliary spine-like setae. Dorsal body setae spine like, each 7.5-15.0 μm long, scattered on head on thorax, in rows on abdominal segments. Trilocular pores each 3-5 μm in diameter. Oral collar tubular ducts scattered throughout body surface, each duct 10.0-12.5 μm long, 4-5 μm wide at distal, randomly distributed on head and thorax, but in bands on abdominal segments as follows: 74-101 on segments IV; 84-130 on segment V; 20-55 on VI; 18-39 on VII; and 14-18 on VIII + IX.
Comments -Generally with two circuli (rarely three), present between abdominal segments II and III, III and IV (but also between IV and V when third circulus present), largest circulus between III and IV generally oval in shape, anterior circulus smaller, oval. Danzig (1980) indicated that the number of circuli in Ph. aceris has great variation and that the number of circuli increased from two in the northwest of the range to five in the southeast of USSR. The North American population of Ph. aceris has two circuli (Kosz-KAYDAN, M. B., NEŞET KILINÇER, A. & KONDO, T. Kaydan et al. 2015) . (COCCOIDEA: PSEUDOCOCCIDAE) tarab 1996). Danzig (1980) suggested that the North American population originated from Europe where the maple mealybug has two circuli. Similar variation in circulus number is observed in Ph. dearnessi, which has normally two circuli but rarely has one circuli (Miller & Appleby 1971) . Phenacoccus aceris and Ph. dearnessi are similar in having two circuli (in North America) and more than two conical setae on each anal lobe cerarii but these two species differ from each other in having numerous oral collar tubular ducts in Ph. aceris (no oral collar tubular ducts in Ph. dearnessi) and a large ovisac which covers the entire dorsum except the head of Ph. aceris (Ph. dearnessi does not form a dorsal ovisac). 
Fig. 1. Adult female of Phenacoccus aceris (after

FEMALE STAGES OF PHENACOCCUS ACERIS
First-instar nymph (Figs 2 & 7a)
Unmounted features and biology. Elongate oval and yellow when alive. Settled nymphs covered by a thin layer of white powdery wax. For settlement, first-instar nymphs prefer mid veins of leaves and other hidden places on the leaf surface, such as under old ovisacs, and areas where two leaves touch and overlap, etc.
Instar diagnosis -Diagnosed by the following combination of features: (i) small body size; (ii) absence of circuli; (iii) presence of only one pair of oralcollar tubular ducts on head; (iv) absence of multilocular pores; (v) 18 pairs of cerarii, each cerarius with 2 cerarian setae with one trilocular pore between setae; and (vi) antennae and legs well developed and relatively large in relation to body size.
Description of slide-mounted first-instar nymph (Fig. 2) -Body elongate oval, 0.40-0.49 mm long, 0.20-0.25 mm wide (Fig. 2) . Eye present marginally, 15-20 μm wide. Antenna 6 segmented, each 155-180 μm long; apical segment 60-70 μm long, 17.5-20.0 μm wide. Clypeolabral shield 60-70 μm long, 60-70 μm wide. Labium 3 segmented 35-45.0 μm long, 40-55 μm wide. Anterior spiracles 17.5-25.0 μm long, 5.0-7.5 μm wide across atrium; posterior spiracles 20-25 μm long, 5.0-7.5 μm wide across atrium. Circulus absent. Legs well developed; hind trochanter + femur 90-95 μm long, hind tibia + tarsus 100-120 μm long, hind claw 15-20 μm long. Ratio of lengths of hind tibia + tarsus to hind trochanter + femur: 1.11-1.27:1; ratio of lengths of hind tibia to tarsus: 0.85-1.04:1, ratio of length of hind trochanter + femur to greatest width of femur 3.0-4:1. Tarsal digitules setose, subequal in 
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length, each one 15-20 μm long. Claw digitules each subequal in length, each 20-25 μm long, both capitate and thicker than tarsal digitules. Ostioles: both pairs present; each anterior ostiole with 1-3 trilocular pores and 1 setae (total for both lips); each posterior ostiole with 2-4 trilocular pores and 1-3 setae (total for both lips). Anal ring 25 μm wide, with 6 anal-ring setae, each setae 35-45 μm long.
Venter. Body setae slender, each 10-40 μm long, longest setae present medially on head; apical seta of anal lobe 90-100 μm long. Multilocular pores absent. Trilocular pores each 2.5-3.75 μm diameter, present in one submedian longitudinal row. Quinquelocular pores each 3.8-4.0 μm in diameter; only near mouthparts, with 2 or 3 (generally 2) pairs of pores just anterior to mouthparts and other pair just posterior to mouthparts. Oral-collar tubular ducts small, of one size, each 7.5 μm long, 2.5 μm wide, generally only one at base of each antennal scape.
Dorsum. 18 pairs of cerarii present along body margin, each with 2 cerarian setae + 1 trilocular pore. Anal lobe cerarii, each with 2 conical setae, 12.5-17.5 μm long, + 1 trilocular pore. Dorsal body setae short and spine-like, each 5.0-7.5 μm long. Trilocular pores each 3-5 μm in diameter and slightly larger than trilocular pores on venter.
Comments -In this study we could not distinguish the sex in the first instar nymphs. There is some variation amongst first-instar nymphs in the number of trilocular pores on posterior abdominal segments, but this variation is continuous (not two discrete conditions) and not enough for sex determination. Miller and Appleby (1971) also could not distinguish the sex of the firstinstar nymphs of Ph. dearnessi. They indicated that the first-instar nymphs of Ph. dearnessi and Ph. aceris are morphologically very similar but that Ph. aceris differs from Ph. dearnessi by having oral collar tubular ducts on the head near the antennae (absent in Ph. dearnessi). Ter-Grigorian (1973) described the body of the first-instar nymphs as having much larger dimensions, i.e., 0.7 mm long. Ter-Grigorian (1973) did not mention the host plant on which she collected her material, and this difference in size may be attributed to host plant differences or other ecological conditions.
Second-instar female nymph (Figs 3 & 7b)
Unmounted features and biology. Elongate oval and yellowish green; covered by a thin layer of fine white powdery wax, with 18 pairs of wax extensions around body margin. Feeds on leaf surfaces generally along midvein (like first-instar nymphs) during the vegetative season and then individuals migrate into crevices on the bark and tree trunk for hibernation. When the individuals reach the overwintering places they settled down and the nymphs produce small amounts of mealy secretion (Fig. 7b) .
Instar diagnosis -Diagnosed by the following combination of features: (i) presence of a small circulus; (ii) presence of two sizes of oral-collar tubular ducts on body (dorsal ducts larger than those on venter); (iii) absence of multilocular pores; (iv) presence of 18 pairs of cerarii, each cerarius with 2 cerarian 
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setae and 1 or 2 (generally 2) trilocular pores between setae; (v) antennae six segmented; and (vi) presence of numerous quinquelocular pores on venter.
Description of slide-mounted second-instar female (Fig. 3) -Body elongate oval, 0.67-1.30 mm long, 0.32-0.64 mm wide. Eyes present marginally, 22.5-25.0 μm wide. Antenna 6 segmented, 230-250 μm long; apical segment 70-80 μm long, 20.0-22.5 μm wide. Clypeolabral shield 95-110 μm long, 95-100 μm wide. Labium 3 segmented, 55-70 μm long, 60 μm wide. Anterior spiracles 35 μm long, 12.5-15.0 μm wide across atrium; posterior spiracles 37.5-40.0 μm long, 10.0-12.5 μm wide across atrium. Circulus oval, 20.0-37.5 μm wide. Legs well developed: hind trochanter + femur 130-140 μm long, hind tibia + tarsus 155-160 μm long, hind claw 17.5-20.0 μm long. Ratio of lengths of hind tibia + tarsus to hind trochanter + femur: 1.19-1.23:1; ratio of lengths of hind tibia to tarsus: 1.06-1.23:1; ratio of length of hind trochanter + femur to greatest width of femur: 2.88-3.46:1. Tarsal digitules setose, subequal in length, each 15.0-17.5 μm long. Claw digitules subequal in length, each 17.5-22.5 μm long, capitate and thicker than tarsal digitules. Ostioles: both pairs present; each anterior ostiole with 4-7 trilocular pores and 1 or 2 setae (total for both lips); each posterior ostiole with 4-9 trilocular pores and 1 or 2 setae (total for both lips). Anal ring 40-45 μm wide, with 6 anal-ring setae, each setae 65-75 μm long.
Venter. Body setae slender, 15-65 μm long, longest setae present medially on head; apical seta of anal lobe 130-170 μm long. Multilocular disc pores absent. Quinquelocular pores each 4-5 μm in diameter, scattered throughout body surface. Trilocular pores each 2.5-4.0 μm in diameter, slightly smaller than those on dorsum, present on margin of submarginal area of body only. Oral-collar tubular ducts each 7.5-11.0 μm long, 2-3 μm wide, totalling 22-26, distributed as follows: 10-13 on head and thorax, and 5-8 on abdominal segments II-III; 1 or 2 on IV and V; 0 or 1 on VI; 1-3 on VII; 0 on VIII+IX.
Dorsum. Derm membranous, with 18 pairs of cerarii on body margin, each cerarius with 2 cerarian setae + 2 (occasionally only one) trilocular pores. Anal lobe cerarii each with 2 conical setae, each setae 15-20 μm long, with 4-6 trilocular pores and 1 or 2 auxiliary setae. Dorsal body setae spine-like, each 5.0-7.5 μm long. Trilocular pores each 4-5 μm in diameter, evenly scattered on dorsum. Oral collar tubular ducts scattered throughout body surface, totalling 26-29 on dorsum, each duct 10.0-12.5 μm long, 3-5 μm wide at distal end; ducts distributed as follows: 5-8 on head and thorax, and 6-11 on abdominal segments I-III, 3 or 4 on IV, 3 or 4 on V, 3 or 4 on V, 3 or 4 on VII; and absent on VIII+IX. (Fig. 4) Unmounted features and biology. Elongate oval and yellowish green; covered in a thin layer of fine white powdery wax, with 18 pairs of wax extensions around body margin. Feeds on leaves during the vegetative season and then moves into crevices on the bark and tree trunk for hibernation. In the overwintering places, settled second-instar males produce a small amount of mealy secretion.
Second-instar male nymph
Instar diagnosis. Diagnosed by the following combination of features: (i) presence of a small circulus; (ii) presence of two sizes of oral-collar tubular ducts on body (dorsal ducts larger than those on venter); (iii) absence of multilocular pores; (iv) presence of 18 pairs of cerarii, each cerarius with 2 cerarian setae and 1 or 2 (generally 2) trilocular pores between setae; (v) antennae seven segmented and (vi) presence of numerous quinquelocular pores on venter.
Description of slide-mounted second-instar male (Fig. 3) -Body elongate oval, 0.68-1.25 mm long, 0.34-0.81 mm wide (Fig. 2) . Eye marginal, 27.5-30.0 μm wide. Antenna 7 segmented, 270 μm long; apical segment 45-50 μm long, 20 μm wide. Clypeolabral shield 85-110 μm long, 85-100 μm wide. Labium 3 segmented, 65-70 μm long, 45-60 μm wide. Anterior spiracles 20-30 μm long, 10.0-12.5 μm wide across atrium; posterior spiracles 30.0-42.5 μm long, 10.0-12.5 μm wide across atrium. Circulus oval, 40-50 μm wide. Legs well developed: hind trochanter + femur 130-155 μm long, hind tibia + tarsus 150-190 μm long, hind claw 20.0-22.5 μm long. Ratio of lengths of hind tibia + tarsus to hind trochanter + femur: 1.03-1.33:1; ratio of lengths of hind tibia to tarsus: 1.38-1.56:1; ratio of length of hind trochanter + femur to greatest width of femur: 3.00-3.85:1. Tarsal digitules setose, subequal in length, each 20-30 μm long. Claw digitules subequal in length, each 20 μm long, capitate and thicker than tarsal digitules. Ostioles: both pairs present; each anterior ostiole with 3-4 trilocular pores and 1 or 2 setae (total for both lips); each posterior ostiole with 4-9 trilocular pores and 1 or 2 setae (total for both lips). Anal ring 45 μm wide, with 6 anal-ring setae, each seta 100 μm long.
Venter. Body setae slender, 15-65 μm long, longest setae present medially on head; apical seta of anal lobe 160-170 μm long. Multilocular disc pores absent. Quinquelocular pores each 4-5 μm in diameter, scattered throughout body surface. Trilocular pores each 2.5-4.0 μm in diameter, slightly smaller than those on dorsum, present on marginal or submarginal areas of the body only. Oral-collar tubular ducts each 10.0-12.5 μm long, 2.5-3.0 μm wide, totalling 20-25, distributed as follows: 6-9 on head and thorax, and 4-6 on abdominal segments II-III; 2 on IV and V; 0 or 1 on VI; 1 or 2 on VII; 0 on VIII.
Dorsum. Derm membranous, with 18 pairs of cerarii on body margin, each cerarius with 2 cerarian setae + 2 (occasionally only one) trilocular pores. Anal lobe cerarii each with 2 conical setae, each setae 15-25 μm long, with 4-6 trilocular pores and 1 or 2 auxiliary setae. Dorsal body setae spine-like, each 5.0-7.5 μm long. Trilocular pores each 4-5 μm in diameter, evenly scattered on dorsum. Oral collar tubular ducts scattered throughout body surface, totalling 58-65 on dorsum, each duct 10.0-12.5 μm long, 3-5 μm wide at distal end; ducts distributed as follows: 22-24 on head and thorax, and 17-19 on abdominal segments I-III, 6 on IV, 3 or 4 on V, 4 or 5 on V, 3 or 4 on VI, 3-5 on VII and 2 on VIII+IX.
Comments - Miller and Denno (1977) reported that male specimens of most mealybugs grow into the adult stage in a thin felt-like cover, made of a white mealy secretion produced at the end of the second-instar nymphal stage. The production of a felt-like cover was hitherto only known to occur in the males. However, in the case of Ph. aceris, at the end of the second instar both sexes produce a mealy secretion similar to a felt-like cover as occurs in members of the Acanthococcidae and related families, which is secreted by the many dorsal tubular ducts on the dorsum. A similar situation was observed by Miller and Appleby (1971) for Ph. dearnessi. They indicated that second-instar females of Ph. dearnessi are found on the lower parts of the leaf surface generally along the midveins during the summer season and then migrate to crevices, roughened areas or loosened bark on branches or the trunk of plants and after settling they produced small amounts of mealy secretion on the dorsum. This mealy structure was observed on both female and male individuals (Miller & Appleby 1971) . We assume that migration to crevices, roughened areas or loosened bark on branches or the trunk of trees and the production of small amounts of mealy secretion on the dorsum of both female and male after settling occurs in many Phenacoccus species that have only one generation per year, such as Ph. transcaucasicus Hadzibejli, and Ph. querculus (Borchsenius), most of which are tree feeding mealybugs, and differ from other Phenacoccus species which have more than one generation per year, such as Ph. solenopsis Tinsley, Ph. madeirensis Green and Ph. solani Ferris.
It should be noted that some second-instar nymphs were found among the overwintering population of Ph. aceris, however, when these specimens were slide-mounted, it was found that they were parasitized. Therefore, these parasitized second-instar nymphs were not included in the evaluation.
Ter-Grigorian (1973) described the body of the second-instar nymphs as being larger, i.e., 1.1 mm long and 0.6 mm wide. Ter-Grigorian (1973) did not mention the host plant and so this difference in size may be attributable to host plant differences, other ecological conditions or calibration differences of the microscope.
Female third-instar nymph (Figs 5 & 7c)
Unmounted features and biology. Elongate oval and light green, covered by fine white powdery wax produced by trilocular pores; with 18 pairs of wax extensions around body margin. The third-instar female overwinters in a felt-like test in bark cavities and other hidden places on its tree host.
Instar diagnosis -Diagnosed by the following combination of features: (i) one circulus; (ii) one size oral-collar tubular ducts, on venter only; (iii) absence of multilocular pores; (iv) presence of 18 pairs of cerarii, each cerarius with 2 cerarian setae + 2 or 3 (generally 2) trilocular pores between setae; (v) 7-segmented antennae; and (vi) presence of numerous quinquelocular pores on venter.
Description of slide-mounted third-instar female (Fig. 4) -Body elongate oval, 1.00-1.24 mm long, 0.57-0.64 mm wide. Eyes present marginally, 25-40 μm wide. Antennae each 7 segmented, 310-370 μm long; apical segment 85-95 μm long, 25-325 μm wide. Clypeolabral shield 135-145 μm long, 135-155 μm wide. Labium 3 segmented, 100-110 μm long, 80-110 μm wide. Anterior spiracles each 50-60 μm long, 20-25 μm wide across atrium; posterior spiracles each 55-63 μm long, 20-25 μm wide across atrium. Circulus oval, 55-85 μm wide. Legs well developed; hind trochanter + femur 170-220 μm long; hind tibia + tarsus 210-260 μm long; hind claw 22.5-30.0 μm long. Ratio of lengths of hind tibia + tarsus to hind trochanter + femur: 1.15-1.23:1; ratio of lengths of hind tibia to tarsus: 1.35-1.50:1; ra- tio of length of hind trochanter + femur to greatest width of femur: 2.71-3.45:1. Tarsal digitules setose, subequal in length, each 25-35 μm long. Claw digitules subequal in length, each 22.5-30.0 μm long; both capitate and thicker than tarsal digitules. Ostioles: both pairs present; each anterior ostiole with 7-9 trilocular pores and 3 or 4 setae (total for both lips); each posterior ostiole with 8-11 trilocular pores and 3 or 4 setae (total for both lips). Anal ring 55 μm wide, with 6 anal-ring setae, each setae 90-110 μm long.
Venter. Body setae slender, 25-80 μm long, longest setae present medially on head; apical seta of anal lobe 137.5-170.0 μm long. Multilocular disc pores absent. Quinquelocular pores each 4-5 μm in diameter, scattered throughout body surface. Trilocular pores each 2.5-3.5 μm in diameter on submarginal areas of body. Oral-collar tubular ducts each 8.0-12.5 μm long, 2.5-3.0 μm wide, totalling 7-9, scattered throughout venter.
Dorsum. Derm membranous, with 18 pairs of cerarii around body margin, each cerarius with 2 cerarian setae + 2 or 3 (generally 2) trilocular pores between setae. Anal lobe cerarii each with 2 conical setae, each cerarian setae 17.5-22.5 μm long, with 11-14 trilocular pores and 3 auxiliary setae. Dorsal body setae spine-like, each 6-10 μm long. Trilocular pores each 3-5 μm in diameter. Oral-collar tubular ducts absent.
Comments. The females of Ph. aceris overwinter as third-instar nymphs in felt-like sacs, which are produced by the second-instar nymphs in secretive places on the stem, thick branches and other woody parts of the trees. It was observed that as soon as the second-instar nymphs finished producing the mealy secretion similar to felt-like covers the individuals moulted to either third-instar female or prepupal stages. Then the male maple mealybug overwinters as pupae in the same area together with female third-instar nymphs. Miller and Appleby (1971) indicated that third-instar females of Ph. aceris and Ph. dearnessi are similar in having one small circulus and in lacking oral collar tubular ducts on the dorsum. They indicated that the most discrete difference was the number of cerarii; Ph. dearnessi possesses 5-11 pairs whereas Ph. aceris 15-18 pairs (Miller & Appleby 1971) . In this study, we observed only 18 pairs of cerarii in all populations. 
KEY TO THE INSTARS OF PHENACOCCUS ACERIS
FIELD OCCURRENCE OF DIFFERENT STAGES IN EACH POPULATION
The rate of development of Ph. aceris was similar on all three host-plant species in both seasons (Fig. 6) . During the winter months (mid-November to March), there were no significant changes in size for any of the measurements (average body length, body width and antennal length). Presumably the third-instar nymphs do not feed during this time when the trees are dormant. From mid-March, with increasing temperatures, the host plants come out of dormancy, the sap begins to flow and the insects start to feed and continue to grow. An exponential growth rate was noticed from mid-May when the adult females reached their maximum body length and body width on all three host plants (1100 μm to 5500 μm long; 550 μm to 2500 μm wide) (Fig. 6) . When the insects reached the adult stage, the growth rate became stable for some weeks and during this period the adult female population starts to lay eggs. Once the eggs hatch (from about mid-June) the insect growth is almost linear until the cold winter months when the growth rate stops for the winter (Fig. 6) .
The occurrence of the egg stage in the population through the life cycle of Ph. aceris was 42 days in 2002, however, the occurrence of the egg stage was much shorter in 2003 (Table 1) . Badowska-Czubik and Suski (1990) reported that the first egg of Ph. aceris reared on apple in Poland was observed on April 28 in 1984, and the last egg on May 12 in 1982. In addition, DÜzgÜneŞ (1982) reported that Ph. aceris started laying eggs at the end of April and eggs started hatching after 29-34 days in Ankara, Turkey. On the other hand, in Germany, Schmutterer (1952) observed that eggs of the maple mealybug, which were laid at the middle of April, started to hatch 30 days after being laid.
While the first-instar nymphs of Ph. aceris in 2002 were present in the population around 91-119 days on different host plant species (Table 1) , in 2003, first-instar nymphs of the maple mealybug were present for 105 days in the population feeding on A. pseudoplatanus, 112 days in the population feeding on A. negundo, and 119 days in the population feeding on F. excelsior (Table 1) .
FEMALE STAGES OF PHENACOCCUS ACERIS (COCCOIDEA: PSEUDOCOCCIDAE)
First observations of the first-instar nymphs of the maple mealybug in different regions and on different host plants have been reported by different researchers, namely, at end of May and beginning of June on different host plants at Ankara (DÜzgÜneŞ 1982); on apple in Poland (Badowska-Czubik & Suski 1990) ; at the beginning of July on different host plants in the Primorye region; at the end of July at Sakhalin and Kunashir region of USSR (Danzig 1990) ; at the end of May in central Europe (Kosztarab & Kozár 1988) ; in the middle of May on grape vine in Germany (Hofmann 2002); and at the end of July in North America (Kosztarab 1996) .
Second-instar nymphs of Ph. aceris occurred between July 8 and December 9 (161 days) in the population feeding on F. excelsior (Fig. 6) ; between July 22 and November 18 (112 days) in the population feeding on A. negundo; and between July 22 and December 9 (133 days) in the population feeding on A. pseudoplatanus (Table 1) .
Hofmann (2002) reported that second-instar nymphs could be seen between mid-June until the end of October in Germany.
The female third-instar nymphs could be found for 255 days on all host trees, and this was the longest period of occurrence of all female stages. On the other hand, the longest occurrence period for males of Ph. aceris was the prepupal + pupal stage, which lasted for 196 days in the population on Acer spp., and for 203 days on the population on F. excelsior (Table 1) . Danzig (1990) and Schmutterer (1952) reported that Ph. aceris overwintered as third-instar nymphs and prepupae + pupae and that second-instar nymphs started to move to the stem of the trees to overwinter in mid-September.
The first adult females were observed on mid-March in 2002, whereas this stage was observed at the end of April in 2003 (Table 1) . It was determined that there was a big difference on the occurrence of adult females between the two years. The reason for these phenological differences between 2002 and 2003 may be attributed to abiotic environmental conditions, such as temperature. Indeed, the average temperature in March 2002 was much higher than that of March 2003 (longer term cold weather was observed in 2003). In 2002, the temperature started to get warmer at the end of February, a month earlier than 2003. Environmental conditions such as temperature and humidity may affect the behaviour, dispersal, population dynamics, life cycle and developmental rate of scale insects (Beardsley & Gonzales 1975 , Miller & Kosztarab 1979 , Kosztarab & Kozár 1988 , McClure 1990a ,b, Chong et al. 2003 .
In 2002, adult males were observed for 21 days in the population of A. pseudoplatanus and F. excelsior; and were observed for 28 days in the A. negundo population (Table 1 ). This stage was present for 21 days in the populations feeding on A. pseudoplatanus and F. excelsior, and 28 days in the population feeding on A. negundo in 2003 (Table 1) . KAYDAN, M. B., NEŞET KILINÇER, A. & KONDO, T. DÜzgÜneŞ (1992) reported that adult males completed their development before the adult females and appeared in April. Hoffmann (2002) and Schmuterrer (1952) reported that males appear in mid-March in Germany.
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